The forest of Halle (560 ha), situated 20 km south of Brussels is covered by a beech (Fagus sylvatica) forest, locally mixed with secundary species (Tilia, Fraxinus, Acer, Quercus, ... 
INTRODUCTION
The most classic and widespread site classification method of European forests is based on the indicator value of the understorey vegetation. This plant sociological approach was worked out by Braun-Blanquet (1952 , 1964 , Ellenberg (1974) and others. The effectivity of ground vegetation as an indicator for recognizing areas with contrasting humus form and site quality was frequently demonstrated (Rogister, 1978b (Rogister, , 1978c Klinka et aI, 1990) . This method may become questionable in the case where the vegetation is dominated by one or more indifferent species with a broad range of presence.
Another approach is the site classification based on the morphological characteristics of the humus form, developed by Kubiena (1953) , Delecour (1980) , Klinka et al (1981) and Green et a1 (1993) . Although very useful and reliable, the humus form is only a restricted component of the ecosystem's nutrient cycle. Therefore, it cannot be expected to be a faultless predictor of nutrient availability for trees (Klinka et aI, 1990) .
Undoubtedly, a quantitative physical, chemical and biological soil analysis provides the most objective dataset for the classification of forest stands according to site quality and nutrient availability. A disadvantage of this method is, however, that it is much more time and money consuming than both preceding methods.
The present study aims to compare the results of site classification following these three methods in a mixed broadleaved forest, characterized by a dominance of Bluebell (Hyacinthoides non-scripta (L.) Chouard ex Rothm) in the herbal layer. The study also examines the role of the tree species in eventual site differences found.
MATERIALS AND METHODS
The forest of Halle (560 ha) is situated 20 Ian south of Brussels on a plateau about 100 m above sea level and has a well drained loamy soil. The dominant tree species in this even-aged forest of about 70 years old is beech (Fagus sylvatica) , locally mixed with groups of lime (Tilia platyphyl/os Scop. ) . ash (Fraxinus excelsior L.), maple (Acer pseudoplatanus L.) and oak (Quercus robur L.) . In this forest, 36 circular plots with a diameter of 10 m were established. In each plot, the basal area of each tree species present was measured. Most of the plots had a quite homogeneous tree species composition, some of them were more intensively mixed. In every plot, a plant sociological survey was performed by means of the method of Braun-Blanquet (1964) . The surveys were entered in Twinspan (Hill, 1979) for classification. Site quality was attributed to the formed groups by calculating their mean indicator values for humidity (mF) , acidity (mR) and nitrification (mN) (Rogister, 1978a (Rogister, , 1978c (Rogister, , 1978d . These mean indicator values were calculated by averaging the indicator values of each species for humidity (F), acidity (R) and nitrification (N), weighed with their respective procentual coverage, using follo ~g fo. rmulas :
with: BC i = mean pr6centual cover of species i in the considered group of plots. Aij = procentual cover of species i in plot j
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The N values of the species were taken from the tables of Ellenberg (1974) . The F and R values were found in Noirfalise and Dethioux (1970) and converted to the scale of Ellenberg with the method of Rogister (1978a) ,
The Ecological Affinity Coefficients EAC nm (Rogister, 1978a) between the groups n and m were calculated using the mean indicator values for humidity, acidity and nitrification :
Afterwards, the product mR x mN was calculated. Rogister (1978c) found a very reliable positive relationship between this product and the humus form.
Humus profiles were described for the center of each plot following the taxonomic classification system of Green et pi (1993 (Ter Braak 1988) . A principal components analysis (PCA) was executed and the plots were classified on basis of their euclidian distance in the plane of the first and second principal axes. Then, it was tried to explain the datamatrix with the matrix of tree species composition using a redundancy analysis (RDA).
Finally, the plots were divided in 5 groups (oak, beech, lime, ash and maple), according to the main tree species. Plots where the basal area of the dominant tree species was less than 75 % of the total basal area, were excluded. The between tree species variability of chemical soil characteristics, biomass of earthworms and ectorganic horizons were tested with ANOVA's, using Statgraphics.
3. RESULTS
Plant sociological site classification
The Twinspan classification of the plots resulted in four groups ( fig. 1 ) and compared with some of the most important forest vegetation types of northern Belgium (Rogister. 1985) . All of the four groups are mesophilous, have a mullmoder humus and are closely related to the Endymio -Carpinetum. Their Ecological Affinity Coefficients are less than 0.2. proving a very high ecological affinity (Rogister, 1978a) . The first and second principal axes respectively account for 46 % and 12 % of total variability. The position of the variables in the correlation circle of these first two axes ( fig. 2) clearly shows that the first axis is a soil fertility axis. Plots situated at its positive side are characterized by a high pH value, a high base saturation and a high (Ca+Mg)/AI ratio through the whole soil profile. Plots at the negative side are characterized by a thick ectorganic horizon, especially the presence of a H layer and a high exchangeable acidity of the soil. The second axis is formed by the cation exchange capacity. Plots situated at its negative side have a high cation exchange capacity , probably as a consequence of a higher humus content.
The classification divides the plots in two main groups ( fig. 3 ), grosso modo a chemically poor group at the negative side of the first axis and a rich group at the positive side. Both groups can be split up in two subgroups, resulting in four site classes ( fig. 3 ) : site A is a mull site. It has a thin ectorganic horizon almost without an H layer and is chemically rich; site B is an intermediary site between mull and moder. Ectorganic horizons are thin and the soil is fairly rich. Site C and Dare moder sites. They are characterised by a thick ectorganic horizon with the presence of a pronounced H layer. They are chemically poor and acid. Site D is in general poorer than site C and has a higher _CE~~ ___ ~,) C"" I, ; " E K /:).(' ~ ' \ C j; ~ C"" (1, (-; ? 
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Effect of tree species on site quality
An RDA was used in order to explain these site differences by the species composition of the canopy. The first RDA axis is again a fertility axis and accounts for 67 % of the total eigenvalue of the ordination (fig. 4 ). Its reliability (monte Carlo permutation test : P < 0.01) proves that the tree species has a significant effect on site quality.
Plots with a dominance of TWa and Acer are located at the positive side of the first axis and have a richer soil, characterized by mull humus. Plots with a dominance of Quercus, Fagus, Sorbus or Larix are located at the negative side of the first axis and are characterized by a poorer soil with moder humus. Fraxinus, Robinia or Castanea almost don't interfere on the first axis what could mean that plots dominated by these species occupy an intermediate position or that these plots can be either rich or poor. A series of monte Carlo permutation tests showed that the effect of lime (P < 0.01) and oak (P = 0.05) on the soil variables is significant. For the other tree species, there can only be spoken of tendencies. The effect of tree species on site quality, as detected in the RDA above, is tested more in detail by a series of ANOVA's (table 5) .
The effect of the tree species is very significant for earthworm density and biomass and for the biomass of the ectorganic horizon. It is also significant for pH, base cation saturation and molar (Ca + Mg) / Al ratio on all depths, except for pH (KCI) on 20-40 cm and (Ca+Mg)/Al ratio on 5-20 cm. Differences in CEC are weak or not significant, expressing little differences in soil texture and humus content between plots.
Additional multiple range tests showed a significantly higher earthworm density under lime and maple than under the other species. The highest earthworm biomass was found under maple. The total biomass of the ectorganic horizon was significantly lower under lime than under other species. Under lime and to a lesser extent under maple, a significantly lower exchangeable acidity, higher (Ca + Mg) / AI-ratio, higher base cation saturation and higher pH are found compared to the other species. In most cases, soils under beech show the poorest conditions (table 5). 
DISCUSSION
On basis of the vegetation analysis, it was not possible to observe any detectable differences in site quality. This observation also affirms earlier authors who state that
Hyacinthoides non-scripta is an indifferent species and consequently not useful for site description (Rogister, 1987; Keymeulen & Beeckman, 1990) . Also, it illustrates that plant sociology, although useful in most cases, is unappropriate in cases where an indifferent species largely dominates the vegetation.
Classification on basis of humus morphology was more succesful and divides the plots basically in two main groups, vermimulls and mullmoders. Mormoder and hemimor are exceptionally found in this forest. A comparison between the classification after PCA of the quantitative variables and these morphological humus forms shows that plots of the mull group A and the intermediate group B all are morphologically a vermimull, except for plot 13, being a mullmoder. Plots of the moder group Care mullmoders, with the exception of plots 17, 20, 28 and 31 being vermimulls and 10 being hemimor. Plots of the moder group 0 are morphologically never a vermimull. In broad outline both methods result in a similar classification of the plots.
The effect of tree species on humus form and soil characteristics is clearly demonstrated. As the investigated area has a rather homogeneous loam soil, the 70 years lasting influence of the present tree species on the soil is probably the main cause of the observed differences in humus form and soil characteristics. Tree species influence on the soil is mainly a question of foliage composition and therefore decreases with soil depth (Page 1968) . The results however show that the influence of lime and maple on pH and base saturation is significant up to a depth of 20-40 cm. The intermediate position of
Silva Gandavensis 59 (1 994) 26 ash, generally known as a species with fast litter decomposition (Wittich 1948) is probably due to side effects caused by leaves of other species blown in by the wind. Also in plot 21 (hemimor under maple), the reason of a bad humus form is probably a relatively higher input of beech leaves than the 20 % contribution of beech in the basal area.
The observations show that the tree species can influence site quality within one rotation. Site quality and certainly humus type are dynamic properties of forest ecosystems that can rapidly modify in non-calcareous soils (Muys et ai, 1992) . In order to avoid soil deterioration, forest management should strive towards the contintJous presence of secondary, soil ameliorating tree species over the whole forest area. 
